The oceanography of the Gökova Bay has not been studied until now. However, several studies on water masses and water quality can be found for İzmir Bay (Sayın, 2003; Sayın et al., 2006 Sayın et al., , 2007 and Saros Bay (Tokat, 2006; Tokat and Sayın, 2007; Pazı, 2008; Sayın and Beşiktepe, 2010; Uluturhan, 2010) .
The physical features of the İzmir Bay were studied by Sayın (2003) . The thermohaline structures, the stratification in the bay, the circulation system, and the water exchange between İzmir Bay and the Aegean Sea were analyzed in his study. The quasi-homogeneous system in winter changes to a 2-layer system from late EASTERN AEGEAN SEA spring to late autumn in the bay. The Aegean Sea surface water (most of time under the influence of wind from the north) enters the bay and continues to flow near the western coast, flowing through the narrow Mordoğan Passage into the small Gülbahçe Bay, which is situated at the southwest of İzmir Bay. The outflowing water occurs mainly in the bottom layer near the coast at Foça. Sayın et al. (2006) studied the water types in İzmir Bay. Through this study it is known that 3 primary water types exist in İzmir Bay: 2 of them are Aegean Surface Water (ASW) and İzmir Bay Inner Water (IBIW); these are very distinct water types. İzmir Bay Water (IBW) is formed between these 2 water types and is under several local influences. In particular, the cyclonic gyre occurring as a result of wind driven circulation has an important effect on the characteristics of IBW. Tokat and Sayın (2007) investigated the water properties of Saros Bay, considering the influences of several water masses: the warm and highly saline Levantine waters (Levantine Surface Water (LSW) and Levantine Intermediate Water (LIW)), and the cold and fresh Black Sea Water (BSW). The intermittently formed cold and dense upwelling water off the northern coast of Gelibolu Peninsula also has an impact on the upper water column of Saros Bay. Pazı (2008) performed a synthesis of 2 datasets (May 2001 and January 2002) for Saros Bay. She found that the amount and physicochemical characteristics of the surface waters originating from the Black Sea show great seasonal variations; the extent, distributional pattern, and depth of penetration are quite variable. The LIW appeared to be poorly defined during January 2002; however, it became better defined in May 2001 in her study. Sayın and Beşiktepe (2010) used the available data from different parts of the Aegean Sea. One of them was Saros Bay. They analyzed the time series of the water properties and found the major dense formation period occurred in 1993 in the bay.
A major objective of the present paper is to explore the variability of the water properties during the last 2 decades in the Aegean Sea. In order to achieve this, we present time series of physical variables of the bays influenced by the processes in the Aegean Sea during 1991-2010 to describe the temporal evolution of the water properties during the EMT period and after in the bays of the eastern Aegean Sea.
In this study, we describe the data used in section 2. The temporal evolution of the water mass properties in 3 bays giving information about the major deep-water formation episode and after in the Aegean Sea is examined in section 3. The next section deals with a discussion about the comparison with the data in the literature. The last section presents findings and conclusions.
Materials and methods
All hydrological data were collected using an SBE 911plus CTD (conductivity, temperature, and depth) probe in Saros, İzmir, and Gökova bays in the Eastern Aegean Sea since 1991.
The data monitoring was realized with different projects that intended to use the data for totally different purposes. The data were brought together giving priority to first selecting the data from the same station or the data from inside the red boxes for every cruise and for every bay (Figure 1) . Last of all, we had only 1 CTD profile within the selected regions in the 3 bays for each cruise. Table 1 shows the data summary used in this work. The Ocean Data View (ODV) program is used to remove the erroneousness of the data by assigning different types of flag. As a result, the data in the bays are organized in order to give maximum information about the changing physical properties in time, especially during the major dense water formation period. T-S diagrams of the bays were drawn using the described time series data above (the potential temperature (θ) and potential density (σ θ ) values hereafter will be referred to as temperature and density).
The air temperature and wind stress of the bays are analyzed seasonally or yearly using the hourly data retrieved from the meteorological centers in the vicinity of the bays (Saros, İzmir, and Gökova) for a long time period. The anomaly of time series is constructed as the difference between the observed values and its mean.
We interested in the periods before and after the EMT. Two important periods were defined also with previously published studies (Zervakis et al., 2003; Sayın and Beşiktepe, 2010; Velaoras and Lascaratos, 2010) . First is the major dense water formation period which covers also the EMT period and second one is the relaxation period that the densities (which were very high during first period) decreasing gradually with time and some isopycnals belonging the bottom layer disappearing at end of this period.
In order to analyze the time evolution of intermediate water properties, mean integrated values of temperature, salinity, and density in the 100-300 dbar layers were prepared for Saros and Gökova bays. They were compared with the intermediate water properties of the North Central Aegean Sea (obtained from the study by Velaoras and Lascaratos (2005) ) in the discussion section. İzmir Bay is a very shallow area. Therefore, the İzmir Bay data are selected only for the winter period from the deep part of the bay to counter the influence of the surface seasonal variations.
Temporal evolution of the water characteristics in the bays
The EMT took place during the period ranging from the late '80s to the early '90s (Gertman et al., 2006; Velaoras and Lascaratos, 2010) . It is also related to the rising isopycnal levels found especially in the intermediate layers of the Aegean Sea. There has been no new severe deep dense water producing episodes in the Aegean Sea since 1993 in the literature. However, some minor quantities of deep water seem to have been produced in 1991 and 2001, already registered by Roether et al. (2007) and Velaoras and Lascaratos (2010) . This densest isopycnal level (different for each bay) in the EMT peak period (1993) starts to deepen and does not exist in the water column and is called the EMT Relaxation Period.
In this study, the temporal evolution of the water characteristics was identified in Saros, İzmir, and Gökova bays during the EMT peak period, the EMT relaxation between some fields studies, the evolution of density levels has a similar trend in all bays located in the eastern part of the Aegean Sea. Seasonally data can be compared with data collected in different years. On the other hand, individual bay data can be compared also to the concurrent data from the other bays. Two processes are crucial for the EMT: first is the winter convection processes especially occurring under the severe winter conditions and the second is the intrusion of the salty water from the Levantine Sea into the Aegean Sea. On the other hand, the other very important mechanism is the depth of the density level in the Cretan Sea. If the isopycnals rise to depths that are over the sills between the Aegean Sea and the Levantine Sea, the dense water of the Cretan Sea flows into the Levantine Basin. It causes an enhancing of the intrusion of high-saline waters into the Aegean Sea related to the water budget of the Aegean Sea. Then the re-distribution of salt is very effective to change water properties in the Aegean Sea and in its eastern bays.
Before explaining the time evolution of the water characteristics in the bays, 2 crucial atmospheric parameters are analyzed that are important for evolution of the EMT. In order to display long-term anomalies in the atmospheric conditions, we used the data from coastal meteorological stations in the vicinity of Saros, İzmir, and Gökova bays. Strong winter convection following a drop in temperature is one of the main mechanisms enhancing the EMT during the cold winters of 1992 and 1993. We presented the winter air temperature data covering the period of 1980-2010. The average winter air temperature values show a decreasing trend and extreme negative anomalies over the Saros, İzmir, and Gökova areas during the major deep-water formation episode (Figure 2 ). Velaoras and Lascaratos (2005) found an abrupt increase in density in the intermediate depths during 1987 and 1988 in the Aegean Sea due to the decrease in temperature. In 1993, an even more intense density increase was observed, characterized this time by an abrupt salinity increase, as well as a temperature drop. They found sea level mean winter air temperature to be extremely low in 1992 and 1993 over the North-Central Aegean Sea.
Yearly time series of wind stress and anomalies for 1980-2000 were constructed from hourly wind measurements. Additionally, the winter wind stress anomaly is handled by considering the northerly component of wind stress in winter months, which tends to promote upwelling of dense water towards the surface along the eastern coast of the Aegean Sea. Based on the yearly wind stress, there are considerable geographical differences in magnitude. The wind stress over the North Aegean Sea is higher compared to the wind stresses over the Central and South Aegean Sea 
Saros Bay
Saros Bay is chosen to represent the northern shallow area of the Aegean Sea. The data initially were not collected to give information about the EMT. Therefore, the depths of the water column according to CTD measurements are not same in Saros Bay for every cruise and it is difficult to follow the isopycnal levels that developed over time (Figure 4 ). Saros Bay was studied also by Sayın and Beşiktepe (2010) but for a narrower time span. Density increases in the upper layers because of the decreasing in temperature, and isopycnal 29.3 kg/m 3 starts to shoal by up to 250 m until the end of spring 1993. The σ θ density levels 29.0, 29.1, and 29.2 kg/m 3 in 1994 are comparable with the levels before the main deep water formation episode (1993) . Although the very cold weather condition was registered in spring 1996, the density levels continued to decrease gradually. High densities are found very near the surface in the major deep water formation period. It can be thought that the first reason for such high densities is the extremely cold air temperature influencing all the Aegean Sea while the second one is the salty LIW penetrating even into Saros Bay.
A T-S diagram was drawn in order to indicate the existence of the Levantine waters and the intensity of dense water formation occurring in the bay. The points with less opacity indicate all T and S values selected for time series analysis. The temperature, salinity, and density values are marked black to show the major deep water formation period on the T-S diagram ( Figure 5 ). 
İzmir Bay
İzmir Bay is chosen to represent the Central Aegean shallow area. İzmir Bay exchanges water with the Aegean Sea almost the whole year long (Sayın et al., 2006) . The annual average exchange rate is approximately 6000 m 3 /s (Sayın, 2003) . Monitoring studies began after 1991 in the bay and more than 50 cruises have been conducted. We concentrate on the outer bay and middle bay (Figure 1 ). İzmir Bay is the shallowest of the 3 bays. Therefore, the air-sea interactions are more effective over the İzmir Bay area. Especially the local wind force is the main mechanism influencing the water characteristics of the bay. The middle part of İzmir Bay produces its own water mass type: İzmir Bay Water (IBW) (Sayın et al., 2006) . Although the water properties are different in the bay from those in the Aegean Sea, they show similar interannual variability according to the evolution of water characteristics influenced by the rising of the isopycnals. It seems that the Middle Bay area is a suitable place for the occurrence of dense water in the core of frequently forming cyclonic gyres. The EMT relaxation period could be identified clearly with the data collected during many cruises in the Outer Bay area where Aegean origin surface water enters the bay. Therefore, these data give detailed information about the major deep-water formation episode and the EMT postpeak period. It means that the Aegean Sea and the bays show similar trends in terms of interannual variability in water characteristics. The water of the Aegean Sea can be influenced by the water masses of such shallow bays through temperature or salt controlled dense water cascading. İzmir Bay Water, which is formed in the Middle Bay Area, flows near the coast at Foça over the topography into the Aegean Sea. The EMT relaxation period continued and the isopycnal level decreased gradually until April 2000, with an exceptional anomaly in January 1996 in both time evolutions of 2 regions in the bay (Figure 6 ). The decreases can be evaluated from the isopycnal levels σ θ = 28.8 kg/m 3 and σ θ = 29.0 kg/m 3 easily in the region Outer Bay and Middle Bay, respectively. In other words, the information obtained from the Aegean Sea and İzmir Bay is in parallel to explain the EMT period. However, the Middle Bay contains more dense water. After April 2000 the isopycnal levels started to increase. In the Outer Bay, the isopycnal level σ θ = 28. 9 1992 1993 1994 1995 1996 1997 1998 1999 16  16  1 6  16  16  16  16  16   16   16   18  18   18   18  18  18  18  18  18  1 8  18   18   18   18   18   1 8   18   20  20  20  20  20  20  20  20  20  20  22  22 1992 1993 1994 1995 1996 1997 1998 1999 
Discussion and conclusion
Some studies asserted that the EMT started between 1987 and 1990 (Schlitzer et al., 1991; Theocharis et al., 1999; Gertman et al., 2006) . The EMT event was relaxed by about 1995 (Theocharis et al., 2002) . Zervakis et al. (2003) gave information about the EMT relaxation period of no ventilation of the deep waters of the North Aegean in the period from 1994 to 2000. The density levels in the northwestern Levantine Sea decreased very moderately between 1995 and 2001 (Roether et al., 2007) . The present work confirms the above studies and gives information about the evolution of density during the EMT relaxation in the Aegean Sea especially in İzmir Bay and Gökova Bay. It shows the different characteristics of the intermediate water masses of the Aegean's bays and tries to identify interannual variability consistent with the North-Central Aegean water characteristics.
We would like to compare the values of Saros Bay and the North Central Aegean Intermediate waters layers (obtained from the study by Veloaras and Lascaratos (2005) ) first and then to determine the differences in the bays. The isopycnal levels of Saros Bay and the North Aegean Sea (red and blue points in Figure 10 , respectively) are comparable to each other during overlapping years because of the observations taken from the same depth interval and the area very close to each other. The data in different years from both regions are complementary to each other. Figure 10 shows this consistency and also the evolution after 2000 (after the EMT relaxation period). The density increase in the Aegean Sea was not observed in certain regions. It was observed in the entire Aegean Sea, including the bays, especially during the major dense water formation period. This variability observed in the intermediate water of the bays showed that the bays have the potential to produce dense water causing dense water cascade from the coast to the Aegean Sea. However, it depends on the meteorological conditions over the eastern Mediterranean and possibly central/eastern Europe (Zervakis et al., 2004) . The North Atlantic oscillation (NAO) appears to be responsible besides some regional variability (Oğuz, 2011) .
The present study investigated the water characteristics in 3 bays (Saros, İzmir, and Gökova) over time. The important conclusion is the deepening of isopycnal levels in the bays after the peak EMT period, starting from 1993 up to the early 2000s. This is confirmed by the studies by Zervakis et al. (2003) , Roether et al. (2007) , and Velaoras and Lascaratos (2010) . The Aegean Sea and the bays seem to be interconnected during the EMT period. The data of these bays show that their salty, cold, and dense waters change their characteristics during the EMT peak period, EMT relaxation period, and after. This is initiated by the Levantine Waters reaching even the North Aegean Sea. Due to their increased salinity, they are the preconditioning for the outcropping of the isopycnals particularly after coinciding with severe cold winter episodes. The relaxation episode of the EMT was very clear in the 3 bays where the collected data were just after the last major deep-water formation episode (1993) . The stagnating deep water in the bays gained buoyancy slowly by losing salt and gaining heat. After the EMT relaxation period the water started gradually to be denser until 2007. The bays were again full of salty water and the isopycnal levels are comparable with the isopycnal levels of 1993. It was the first time after 1993 there were new severe deepwater producing episodes in the Aegean. Unfortunately, it is not known if these isopycnal levels were a sign of a new time for new transient from the Aegean Sea to the Levantine basin.
